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in the region. H1 implies a more specific preference for certain roosts or individuals, and H2 1 0 8 would indicate the maintenance of kin-relationships as the basis for the return. 2007; Dubourg- Savage et al., 2013; Dombrovski et al., 2016; Vlaschenko et al., 2016 The study population is located in MLP, Seville (37°22′29″N, 5°59′19″W). The 122-1 1 7
year-old park extends over 38 ha and contains many large old trees that bear enough cavities to 1 1 8 harbour the three distinct colonies. Most roost trees belong to Platanus spp., Gleditsia 1 1 9 triacanthos, Sophora japonica and Washingtonia filifera. With a population previously estimated 1 2 0 at ca. 500 individuals, but now in dramatic decline due to an invasive parakeet species 1 2 1 (Hernández-Brito et al., 2018) that is taking over the roosting holes, it was once the largest 1 2 2 known breeding site of greater noctules (Popa-Lisseanu et al., 2008) . We analysed biopsy samples of 82 adult female bats from MLP collected from 2004 to 1 2 6 2007. Each bat was assigned to one of three areas of the park identified by Popa-Lisseanu et al. (2008) as characteristic of different social groups. Assignment was based on the tree in which 1 2 8 individuals roosted in when captured. Group designations (I, II and III) were maintained from 1 2 9 that earlier study. Twenty-four individuals were sampled from each group. Samples included 25 1 3 0 individuals that were radio-tracked to study the roost-switching behaviour of the population that 1 3 1 was used to identify and define the social group dynamics in the previous study (Popa-Lisseanu Mammalogists (Gannon and Sikes, 2007) on the use of wild mammals in research. successfully employed in our previous study (Santos et al., 2016) . Labelling followed Schuelke's All nuclear markers were in linkage equilibrium as assessed with FSTAT v. 2.9.3.2 1 5 0 (Goudet et al., 1995) . Using CERVUS, we estimated observed and expected heterozygosities, as 1 5 1 well as deviations from Hardy-Weinberg equilibrium (HWE). Of the 11 microsatellites, three 1 5 2 (Nle6, P20 and P217) deviated significantly from HWE (see Supplementary Table S1 ). that allows loci with null alleles to be incorporated into the analysis (Wagner et al., 2006) . Three 1 5 6 of the 11 loci used in this study showed the highest frequencies of null alleles (min=0.097, 1 5 7 mean=0.187). Incidentally, this might have been the cause of the departure from HWE, as it 1 5 8 would simulate a heterozygote deficiency. Because we did not want to abdicate the inferential 1 5 9 power of three loci, we resorted to the method by Wagner et al. (2006) , implemented in ML-
Relate, and kept all 11 loci. Using this software, pairwise relations were classed as Parent- With reference to the three groups within the park, pairwise relationships were classed 1 6 5 according to whether or not both individuals had been captured within the same group. We tested 1 6 6 the null hypothesis that each group shared the same population mean as the whole population. Firstly, analysis of molecular variance (AMOVA) was conducted between global and within-1 6 8 group data sets of relatedness estimates, using the function 'f_oneway' of the python package 1 6 9 'scipy.stats ' (Oliphant, 2007) . We then compared within-group relatedness to relatedness across 1 7 0 the park independently for each group using a randomization test. We relied on two-tailed t-tests 1 7 1 as implemented in the function 'ttest_ind' of the python package 'scipy.stats ' (Oliphant, 2007) .
We approximated the distribution of the test statistic by comparing relatedness estimates across sampled statistics below that observed for each group. Regarding group choice, we assumed as H0 that the probability of choosing the same 1 7 7 group as another individual at random follows a binomial distribution. We further considered this number of relationships across windows of a given size (see Supplementary Figure S1 ). To explore the relationship between genetic relatedness and roost use we resorted to the individuals considered in that study were genotyped. A Mantel test of the two distance matrices default number of repeats. We constructed network graphs of roosting associations and parent-offspring dyads.
0 1
Roosting association edges were created as dyads presenting a similarity value above 0.05 2 0 2 (Freeman-Tukey statistic). Networks were constructed using the Fruchterman-Reingold We first evaluated genetic structure across the park considering its known subdivisions. No genetic structure was observed through PCA (Fig. 1A) , and one-way AMOVA of within- and different groups). We focused on each group to ascertain whether mean relatedness exceeded total and group III dyads was significant (p < 0.01, Fig. 1B) , as was that between total and group 2 1 7 I (p < 0.05, Figure 1B ).
1 8
We also looked at the impact of group-sharing on relationship categories and relatedness estimates. The proportion of parent-offspring pairs that shared the same group differed 2 2 0 significantly (p < 0.001) from random expectations (Fig. 3) . The same proportions for FS, HS 2 2 1 and U pairs did not deviate significantly from the expected proportions (Fig. 2) . However, a 2 2 2 decreasing trend is observed when these groups are considered in order of decreasing 2 2 3 relatedness.
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When the same test is performed on pairs of individuals of increasing relatedness, the 0.01), the same proportion becomes significant above a relatedness level of 0.36 (Fig. 3B ). test revealed no significant association between the two variables (r = 0.06, simulated p-value = 2 3 0 0.27). This subset of individuals represented 37 half-sibling relationships, 2 full-sibs, 1 parent-2 3 1 offspring pair and 65 unrelated dyads. Roost association between the mother-daughter pairs was 2 3 2 above average, but not significantly so (P = 0.09). Female fidelity to breeding colonies has been reported in a number of temperate bat the formation of closed societies as in Myotis bechsteinii (Kerth et al., 2000) . The existence of 2 3 8 among-colony mitochondrial structure at the regional level supports a certain degree of species is not dependent on kin (Santos et al., 2016) . foraging and roosting sites, and to the benefits they might derive from social relationships and 2 5 3 cooperative behaviours with conspecifics (Kerth, 2008; Kerth et al., 2011) . We tested for the 2 5 4 effect of roosting associations, previously shown to follow the same park sub-sections, and found 2 5 5 a lack of correlation between roost use and genetic relatedness. Despite the limited power of this 2 5 6 analysis due to small sample sizes, our results thus seem to refute our initial hypotheses H0 and 2 5 7 H2 in favour of H1: females tend to return to natal roosting areas, but this choice is not driven by 2 5 8 a desire to roost with kin. We can also discard explanations based on facilitated access; we are 2 5 9 not aware of differences in roost characteristics between the three areas of the park that could 2 6 0 account for the patterns observed, and the three groups have completely overlapping foraging by familiarity with the natal area, or the maintenance of social relationships that are not kin- by their mothers between day roosts (O'Donnell, 2000) . Based on reports of observational group structure would be maintained. The same mechanism could be at play in N. lasiopterus.
The alternative hypothesis is that roost fidelity functions to maintain social bonds, strictly among members of the same social groups. A more recent study of the temporal and profiles between cohorts due to male-biased gene flow. Cooperative behaviours and long-term 2 8 0 associations among colony members, sometimes spanning several years, have been described in 2 8 1 numerous bat species (Wilkinson & Boughman, 1998; Carter & Wilkinson, 2013 could explain why individuals tend to return to the area of the park they were born in. This theory has the advantage of providing an explanation for the formation of social groups, which 2 8 8 are a pre-requisite for the associative learning hypothesis. available on roost fidelity to assess how it correlates with breeding status or to verify roost reuse. observation that perhaps failed to reach significance due to lack of statistical power. Repeating this experiment with a larger sample size could be informative since a significant reduction in 3 1 0 roost switching would render the associative learning hypothesis less likely. In the meantime, 3 1 1 regardless of the mechanism involved, we argue that in light of our results, and those of previous 3 1 2 studies in this park, it is safe to re-classify the social groups in MLP as separate colonies.
3 1 3
Determining the relative importance of associative learning and social bonds in this 3 1 4 species is crucial, as it could direct future conservation efforts regarding the few known 3 1 5 maternity colonies. In order to discriminate between these two hypotheses, future studies should 3 1 6
focus on roost fidelity and roosting patterns as well as on long-term associations. Evidence of 3 1 7 roost reuse by individual females, as well as varying roost fidelity according to breeding status 3 1 8 would point to associative learning. These will have to be compared with the frequency of long-3 1 9
term associations within the same colonies in order to determine the relative importance of social 3 2 0
bonds. More generally, discovering the mechanism behind philopatry represents an important 3 2 1 step in our understanding of the thought processes behind the individual decisions that structure 3 2 2 mammalian societies, and has implications for conservation policies aimed at preserving healthy Tables 5 0 6 Seville, percentage of associations with r > 0.25 (close relatives) among total possible associations, and 5 0 8 percentage of females with close relatives within their groups as well as the whole colony. The total 5 0 9 sample consists of 84 individuals, 24 from each group, resulting in a total of 3486 possible dyads. 
